The 2007-09 Great Recession has led to an unprecedented increase in public debt in many countries, triggering substantial fiscal adjustments. What are the distributional consequences of fiscal austerity measures? This is an important policy question. This paper analyzes the effects of fiscal policies on income inequality in a panel of advanced and emerging market economies over the last three decades, complemented by a case study of selected consolidation episodes. The paper shows that fiscal consolidations are likely to raise inequality through various channels including their effects on unemployment. Spending-based consolidations tend to worsen inequality more significantly, relative to tax-based consolidations. The composition of austerity measures also matters: progressive taxation and targeted social benefits and subsidies introduced in the context of a broader decline in spending can help offset some of the adverse distributional impact of consolidation. In addition, fiscal policy can favorably influence long-term trends in both inequality and growth by promoting education and training among low-and middle-income workers.
INTRODUCTION
The Great Recession of 2007-09 has led to an unprecedented increase in public debt, raising serious concerns about fiscal sustainability. Against this backdrop, many governments have been making substantial fiscal adjustments through a combination of spending cuts and tax hikes to reduce their ratios of debt to GDP. What are the distributional consequences of fiscal austerity measures?
1 This is an important policy question. Preventing a significant worsening of income distribution during the adjustment period is critical to the sustainability of deficit reduction efforts, as a consolidation that is perceived as being fundamentally unfair will be difficult to maintain. Moreover, high income inequality can harm long-term growth through various channels (for example, see Easterly 2007; Berg et al. 2011; and Woo 2011) .
2 Surprisingly, however, there has been little systematic analysis of the distributional effects of fiscal consolidations. 3 This paper provides evidence on the effects of fiscal consolidation and a set of fiscal variables (tax structure, specific taxes and expenditures) on income inequality in a panel of advanced and emerging market economies over the last three decades, which is complemented with a case study of selected consolidation episodes. For the econometric analysis, the paper builds on a large literature on the determinants of cross-country variations in income inequality (for example, see De Gregorio and Lee 2002; IMF 2007; and Barro 2008) .
Specifically, we address the following two sets of questions: (i) Does fiscal austerity worsen income inequality? If so, how and by how much? Does the size of fiscal adjustment matter? (ii) What are the effects on income distribution of specific fiscal policies, such as tax structure, direct and indirect taxes, social benefits spending and wage bills? Exploring the latter would provide some guidance on adjustment packages that would limit their adverse effects, if any, on inequality. Our results suggest that fiscal consolidations tend to increase income inequality, including through their effects on unemployment. Alternative estimation methods find a similar range of impact magnitude: on average, a consolidation of 1 1 The distributional impact of failing to adjust is beyond the scope of the paper. However, the impact on income distribution of a delay in fiscal consolidation could be even worse if it results in an eventual debt crisis that forces a sudden, even greater fiscal adjustment, accompanied by a severe recession. 2 The paper focuses on the distributional effects of fiscal adjustments and of fiscal policy, but it is important to recognize the potential trade-off between equity and efficiency when designing redistributive policies. Redistributive tax and benefit systems can introduce economic efficiencies with implications for long-term productivity and growth, as redistributive policies can influence the incentives for people to work, save and invest. There is a large literature on the relationship between inequality and growth (besides the aforementioned papers, see also Alesina and Rodrik 1994; Banerjee and Duflo 2003; Bertola et al. 2005; and Barro 2008 and references therein) . 3 Notable exceptions are Agnello and Sousa (2012) for 18 OECD countries in 1978 -2009 and Mulas-Granados (2005 for 15 EU nations in 1960 15 EU nations in -2000 percentage point of GDP is associated with an increase in the disposable income Gini coefficient of around 0.4-0.7 percent over the first two years. Spending-based consolidations tend to significantly worsen inequality, relative to tax-based consolidations. So do large-sized consolidations (those greater than 1½ percent of GDP). This seems to reflect the fact that large-sized consolidations tend to be longer in duration and mostly expenditure-based, which is confirmed in the case study. Unemployment also tends to increase inequality, and hence, to the extent that fiscal consolidation raises unemployment, it constitutes an important channel through which consolidation affects inequality. Loosely speaking, about 15-20 percent of the increase in inequality due to consolidation may be occurring via the increase in unemployment.
The composition of fiscal consolidation also matters: progressive taxation and targeted social benefits and subsidies introduced in the context of a broader reduction in spending can help offset some of the adverse distributional impact of consolidation. For example, discretionary spending cuts could be combined with an enhancement of social safety nets, supported by means testing and efficient monitoring. Indeed, the progressivity of taxation (as measured by the ratio of direct to indirect taxes), social benefits (including health care, social security pensions, and unemployment compensation) and subsidies tend to be consistently associated with lower inequality for disposable income in the regressions, even after controlling for other determinants of inequality. 4 These results support the view that in advanced economies, reforms since the 1980s have been a factor behind rising income inequality by lessening the generosity of social benefits and the progressivity of income tax systems. In addition, fiscal policy can favorably influence long-term trends in both inequality and growth by promoting education and training among low-and middle-income workers. Consistent with the literature, higher educational attainment and skill-biased technological progress (as measured by information technology (IT) capital share in the total capital stock) are also found to be associated with lower and greater inequality, respectively. These findings have important policy implications for the economies that are currently undertaking or planning fiscal adjustments amid sluggish recovery. Adjustment packages should be carefully designed to limit negative social effects. It may be still too early to fully assess the distributional effects of the crisis and fiscal consolidation in these economies, as the inequality data are only available up to 2010 for most countries (with notable exceptions including Ireland where data are available up to 2011) and the distributional effects may take many years to work through the system. 5 Nonetheless, some patterns already seem to emerge in the same direction as our findings point to. Inequality has tended to increase more in the countries with sharper increases in unemployment (for example, Ireland, Lithuania, and Spain in Figure 1 ) and to a lesser degree in those that provided less discretionary fiscal support during the crisis. In Ireland, inequality initially declined during the crisis because of a relatively large fall in top incomes (especially, capital incomes), tax increases, and an expansion of redistributive social transfers. However, the latest data suggest that income inequality started to widen as the crisis deepened and fiscal consolidation intensified.
The rest of the paper is organized as follows: Section II describes inequality data and trends of income distribution, and briefly reviews related studies. Section III presents the main econometric analysis. Section IV discusses a case study of selected episodes. Concluding remarks are in Section V.
II. DATA, TRENDS IN INCOME DISTRIBUTION, AND RELATED STUDIES

A. Data on Income Distribution
There have been substantial efforts to compile cross-country datasets on income inequality over the last decades. Two datasets have been particularly influential: the Luxembourg Income Study (LIS) and the dataset assembled by Deininger and Squire (1996) for the World Bank and its successor, the World Income Inequality Database (WIID) of the United Nations University (UNU-WIDER, 2008). However, both have limitations for international comparison purposes. The LIS has produced the most-comparable income inequality statistics currently available, but it covers relatively few countries and years -on average, inequality in each of these countries is observed in just five years, with most of the observations dating from after 1993. The Deininger and Squire dataset and the WIID, on the other hand, provide many more observations, but they are often not comparable across countries or even over time within a single country because they are based on different income definitions (e.g., market income, disposable income, or consumption expenditure) and different reference units (e.g., households, household adult equivalents, or persons, As further robustness checks, we use alternative data on Gini coefficients for disposable income and alternative measures of income inequality (e.g., ratios of top to bottom quintiles/deciles, and labor income share) compiled from original sources including the WIID, the LIS, World Bank's PovcalNet, and Eurostat. Measures of income inequality are relatively highly correlated with each other (Table 1 ) -for example, the correlation coefficient between Gini indices for disposable income from the SWIID and those in alternative dataset compiled from the aforementioned original sources is 0.95 (p-value=0.00).
B. Trends in Income Inequality
Data suggest that income inequality has increased since the 1980s in most advanced and many developing economies. This reflects an array of factors including skill-biased technological progress, technology diffusion, international trade, and market reforms. Inequality in disposable income (income after taxes and transfers) exhibits a similar upward trend, but there is a wider variation across countries and regions, largely due to different degrees of progressivity in income tax systems and spending policies (Figure 2 ).
6
During 1980-2010, the average disposable income Gini coefficients in advanced economies and emerging Europe, the most equal regions, increased by 3 and 6 percentage points, respectively. The Gini coefficients also increased in most countries in Asia and the Pacific region during the same period. In the two most unequal regions (Sub-Saharan Africa and Latin America), however, income inequality increased in the 1980s and 1990s but subsequently declined markedly.
In advanced economies, redistributive fiscal policy has played a significant role in reducing inequality in market income via progressive tax system and social transfers. However, reforms since the 1980s have been a factor behind rising income inequality by lessening the generosity of social benefits and the progressivity of income tax systems (Figure 3 ). Consistent with this observation, the correlation coefficient between the Gini coefficient for market income and that for disposable income has markedly declined from 0.5 in the 1990s to 0.37 in the 2000s.
In emerging and low-income economies, the redistributive capacity of fiscal policy has historically been limited because of weak taxation systems (large parts of the economy are outside the income tax system, and the efficiency of tax collection is relatively low) and poorly targeted social transfers (see Chu et al. 2004; Gemmell and Morrissey 2005; and Box 1) . Social benefits and subsidies increased in these countries since the 1980s. However, their declining ratio of direct to indirect taxes indicates decreasing tax progressivity. Overall, data point to a strong negative association between social spending and disposable income inequality and to a negative, albeit less clear cut, relationship between the ratio of direct to indirect taxes and inequality in the entire sample of advanced, emerging and low-income economies for the period of 1980-2009. 
C. Related Studies
The large empirical literature on the determinants of income inequality finds that national income per capita, education, trade openness, and technological change are the main determinants of cross-country variations in income inequality (e.g., De Gregorio and Lee 2002; Acemoglu 2003; IMF 2007; Meschi and Vivarelli 2007; ADB 2007; and Barro 2008 among others). Evidence shows a Kuznets inverted-U relationship between income level and income inequality, and suggests that a higher level of educational attainment reduces income inequality, whereas education inequality increases income inequality. Depending on the level of economic development, trade openness may raise inequality, although it may actually improve income distribution indirectly as trade stimulates growth. Building on this literature, our analysis focuses on the effects of fiscal consolidation and a set of fiscal variables on inequality in disposable income, while controlling for the standard explanatory variables of inequality.
On the implications of fiscal policies for income inequality, studies find that countries' differences and historical trends in income inequality can be partly explained by the level and progressivity of tax and spending policies (Bastagli et al. 2012; Chu et al. 2004 ). Yet specific fiscal policy measures can have either equalizing or disequalizing effects on income distribution. In general, direct taxes (e.g., personal income tax, and to a lesser extent of corporate income tax) and social expenditure are found to improve income distribution, while indirect taxes (including consumption taxes and custom duties) tend to increase inequality. Overall, spending, particularly in the form of family and housing benefits, seems to have a higher redistributive impact than taxes (Martinez-Vazquez et al. 2012; Joumard et al. 2012; Paulus et al. 2009; Chu et al. 2004 ). The impact of fiscal policies on the income distribution of developing countries tends to be similar to that of advanced economies (Cubero and Hollar 2010, Gemmell and Morrissey 2005) , yet the higher level of disposable income inequality in low-income economies is in part explained by lower levels of taxes and transfers (Bastagli et al. 2012) .
By contrast, only a few studies have looked at the distributional effects of fiscal adjustments. Mulas-Granados (2005) find evidence that inequality tends to rise following fiscal consolidations in a panel of 15 EU nations in 1960 15 EU nations in -2000 , and that spending cuts are detrimental to income distribution. More recently, Agnello and Sousa (2012) study the fiscal consolidation episodes in 18 OECD countries from 1978 to 2009, and present evidence that income inequality rises during the periods of consolidation. Also, they find inequality increases when consolidation follows periods of financial turmoil and when the country is experiencing low growth. Ball et al. (2011) examine the impact on short-and long-term effects on unemployment of fiscal adjustments and find evidence that unemployment tends to rise following adjustments in advanced economies.
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III. ECONOMETRIC ANALYSIS: FISCAL CONSOLIDATION, FISCAL POLICY, AND INEQUALITY
This section presents evidence on the relationship between inequality in disposable income and fiscal variables (including fiscal consolidation). Based on an annual panel data set for a group of advanced and emerging market economies over the last three decades, 8 we examine the following two sets of specific questions: a) What are the distributional consequences of fiscal consolidation? Does fiscal austerity worsen the income inequality? If so, how and how much? Does the size of fiscal adjustment matter?
b) What are the effects on income distribution of specific fiscal policies, such as direct and indirect taxes, social benefits spending, wage bills, and subsidies?
A. Estimated Model
The analysis builds on a large empirical literature on the determinants of income inequality, which finds that national income per capita, education, trade openness, and technological change are the main determinants of cross-country variations in income inequality (e.g., De Gregorio and Lee 2002; IMF 2007; Barro 2008) . While controlling for standard explanatory variables, we assess the effects of fiscal consolidation and a set of fiscal variables (tax structure, specific taxes, and expenditures) on inequality in disposable income.
The baseline panel regression specification is as follows:
where G it denotes the log of disposable income-based Gini coefficient, a measure of the income distribution for country i and year t;  i denote the country-specific fixed effects (to control for country-specific factors including the time-invariant component of the institutional environment);  t are the time-fixed effect (to control for global factors);  it is an error term; X it-1 is a vector of economic control variables; and Z it is the measure of fiscal consolidation or fiscal variables.
Two econometric methods are employed to estimate the panel regression. The first approach utilizes the fixed-effects (FE) panel regression, with Driscoll-Kraay standard errors that robust to very general forms of cross-sectional and temporal dependence. The error structure is assumed to be heteroskedastic, autocorrelated up to two lags (to account for the persistence of income inequality), and correlated between the panels (i.e., countries) possibly due to common shocks, say, to technology or international trade. The second approach adopts a seemingly unrelated regression (SUR) for panel data which consists of two regression equations -one for disposable income Gini coefficient and the other for market income Gini coefficient. If the errors are correlated across the equations (i.e., the unobserved determinants of inequality in market income and disposable income could be correlated), the SUR estimator will be more efficient. 9 In addition, we use alternative regression specification and estimation methods as robustness checks, including a dynamic panel regression (see section C below), as well as ordinary least squares (OLS) and panel-corrected standard error (PCSE) estimates, which also allow the variance-covariance matrix of the estimates to be consistent when the error terms are heteroskedastic and/or contemporaneously correlated across panels or auto-correlated within panel (Beck and Katz, 1995) . The results are broadly similar.
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X it-1 (the vector of economic control variables) includes the following:
 Income per capita as measured by (i) the log of income per capita and (ii) the square of log of income per capita to consider the Kuznets relationship (Barro 2008; De Gregorio and Lee 2002) .
11
9 Following Agnello and Sousa (2011), we impose cross-equations restrictions on the coefficients of fiscal consolidation measures in the market income inequality equation (i.e., these coefficients are assumed to be zero) under the common assumption that the fiscal austerity measures (discretionary changes in taxes and spending) only affect disposable income (i.e., income after taxes and transfers), while the indirect effects on both market and disposable income are controlled for by income per capita, unemployment, and other variables that are included in both equations. Note that if each equation contains exactly the same set of regressors, the SUR is equivalent to the OLS and hence there will be no gain in efficiency. For a discussion on the estimation of a SUR in the unbalanced panel data, see Biorn (2004) . 10 The regressions results (e.g., the causal relationship between consolidation and inequality) may be subject to endogeneity and should be interpreted with caution. The causal relationship between consolidation and inequality is examined by using a system generalized method of moments (SGMM) later (Appendix Table 1 ).
11 The Kuznets curve relationship implies that inequality exhibits an inverted U-curve as the economy develops:
economic development (including shifts from agriculture to industry and services and adoption of new technologies) initially benefits a small segment of the population, causing inequality to rise. Subsequently, inequality declines as the majority of people find employment in the high-income sector. However, the existing evidence for the Kuznets curve is mixed (see Barro 2008; Kanbur 2000 and references therein).
 Educational attainment as measured by the average number of years of secondary schooling of the population aged 15 and over. The literature emphasizes education as one of the major factors affecting the degree of income inequality. Many studies have found a negative association between inequality and education (see De Gregorio and Lee 2002 and references therein).
However, the theoretical relationship remains ambiguous because of two possible conflicting effects from an expansion of education on earnings distribution (Knight and Sabot 1983) : (i) the "composition" effect, which increases the relative size of the group with more education and tends initially to raise income inequality but eventually to lower it; (ii) the "wage compression" effect, which decreases the premium on education as the relative supply of educated workers increases, thereby decreasing income inequality. Thus, the net effect of increased education on the distribution of income is ambiguous. However, in advanced economies with relatively high level of education in the population, both effects are likely to produce a negative relationship between education and inequality.
 Trade openness (sum of exports and imports as percent of GDP) to control for the impact on inequality of trade globalization. The standard theory of international trade suggests that trade openness would affect income distribution differently according to countries' relative factor endowments: developed countries should experience a rise in the relative return to capital and greater income inequality, since they are relatively abundant in capital (and scarce in labor). The opposite should happen in emerging market and developing countries, since they are relatively abundant in labor. However, the effects of trade openness on income distribution have been found to be quite varied, making it difficult to predict their direction. 12 While IMF (2007) finds evidence that trade openness is associated with a reduction in inequality, others find the opposite.
13 Yet, the evidence is not conclusive (see Krugman 2007; Meschi and Vivarelli 2007; ADB 2007 for more discussions).
 Unemployment rate: not surprisingly, a greater portion of unemployed (and inactive) workers are found to be in the bottom income quintile in the OECD countries (Martinez et al. 2001) . Thus, higher unemployment may be associated with greater inequality.
 The share of information technology (IT) capital in the total capital stock as a proxy for skill-biased technological progress (data from Jorgenson and Vu 2007, with a 2011 update). Skill-biased technological progress is found to have made the biggest contribution to rising income inequality over the recent decades (Autor et al. 1998; Acemoglu 2003; IMF 2007) .
 Inflation: inflation tends to hurt the poor more than other income groups and to worsen inequality (Easterly and Fisher 2001; Bulir 1998 ). This may be in part due to differences in wealth composition and transaction patterns (the fraction of household wealth held in liquid assets, such as currency, decreases with income and wealth) and differential protection of earnings streams against inflation (wage earners at the bottom of the income scale are generally much less protected from cyclical real wage fluctuations, such as the minimum wage).
 Incidence of banking crises: banking crises can affect inequality because the poor have few resources to protect themselves against adverse shocks and very limited access to credit and insurance. Also, lack of education and skills makes the poor less mobile across regions and economic sectors, reducing their ability to switch jobs and relocate in response to shifting demand conditions. However, the evidence is mixed. For example, in the aftermath of the 1997 Asian crisis, Korea and (to a much lesser degree) the Philippines saw worsening income distribution, whereas Thailand, Malaysia, and Indonesia did not. In a recent study, Atkinson and Morelli (2011) do not find any systematic relationship between macroeconomic disasters and the inequality outcome (see also Glaeser 2010) . We tried the indicator of banking crises, but the results were not significant and did not alter the main conclusions. 14  Ratio of direct to indirect taxes, a measure of the tax structure (from the database of the Fiscal Affairs Department of the IMF), with a higher value indicating a potentially greater progressivity of the tax system in a country.
 Cyclically adjusted individual and corporate income tax revenue, and cyclically adjusted indirect tax revenue (all in percent of potential GDP), to account for different country-specific and tax-specific elasticities.
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 Wage bills, social benefits, subsidies, and capital spending (all in percent of potential GDP) from the database of the Fiscal Affairs Department of the IMF.
B. How Do Different Fiscal Consolidation Measures Affect Income Inequality?
In this section, we focus on the impact on inequality of fiscal consolidation for 17 OECD countries for 1978-2009 using a parsimonious specification of eq. (1). 16 The regression results from both the SUR and FE approaches suggest that income inequality tends to rise during periods of fiscal adjustment, especially when the adjustment is based on a retrenchment in spending.
17 A consolidation amounting to 1 percentage point of GDP is associated with an increase of about 0.6-0.7 percent in inequality of disposable income (as measured by the Gini coefficient) in the following year (Table 2 , columns 1, 4, 7, and 10).
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An alternative dynamic panel regression specification confirms that income inequality increases following the consolidation, with the cumulative effect peaking after five to six years and fading by the tenth year (see Section C below). The order of the impact magnitude 14 Alternative sources were also used, including data on consolidations from Alesina and Ardagna (2010) for 17 OECD countries, and structural balance data from the IMF. For interesting discussions on the issues of identification of fiscal consolidation episodes, measurement of the size of consolidation, and estimation of short-term growth effects of consolidations, see Perotti (2011) and Alesina and Ardagna (2012) as well as IMF (2010b). 15 The cyclically-adjusted components were calculated from actual tax revenues adjusted according to the ratio of potential output to actual output and the tax-specific elasticities for each OECD country. For non-OECD countries, the new EU member average elasticities from Girouard and Andre (2005) were used. 16 The sample country and period is dictated by the availability of data from Devries et al. (2011). also turns out to be in a similar range -a consolidation of 1 percentage point of GDP is associated with an increase in the disposable income Gini coefficient by around 0.4 percent in the following year. The effect of large consolidations (greater than about 1.5 percent of GDP) is somewhat larger and statistically more significant, compared to small consolidations (Table 2 , columns 2, 5, 8, and 11).
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Comparing spending-based consolidations with tax-based ones, the coefficients of measures of spending-based consolidations are statistically significant and of positive sign (+), indicating that spending cuts are associated with an increase in inequality. The estimated coefficients suggest that a spending cut of 1 percentage point of GDP is associated with an increase of about 1.5-2 percent in the Gini coefficient (columns 3, 6, 9, and 12). In contrast, the coefficients of tax-based consolidations are not significant but of negative sign (-). The contrasting results between spending-and tax-based consolidations are intuitive -for example, income tax measures can actually lower the inequality, depending on the progressivity of the particular measure, while the indirect effects through an increase in unemployment due to their recessionary effects may increase inequality. Taken together, therefore, the net effects of tax-based consolidations can be somewhat ambiguous.
On the other hand, the progressivity of taxation, as measured by the ratio of direct to indirect taxes, is negatively associated with disposable income inequality (Figure 3) . Columns (7)- (9) suggest that an increase of 1 in that ratio is associated with a reduction of about 2.5 percent in inequality. 20 To put this in perspective, let us consider an illustrative example. In 2009, the disposable income-based Gini coefficients in Denmark and Portugal were 26.5 and 34, while the ratios of direct to indirect taxes were 1.91 and 0.74, respectively. The difference in the direct to indirect tax ratio between the two countries explains about 12 percent of the difference in inequality between them.
Consistent with the literature, education and trade openness are significantly associated with lower inequality. According to the estimated coefficients, a 1 percent increase in the average years of schooling is associated with about 0.04-0.12 percent reduction in inequality. On the other hand, a 1 percentage point of GDP increase in trade openness is associated with about 0.1 percent reduction in inequality. Evidence of an inverse U-shaped relationship between income per capita and inequality is also found, with the inequality starting to decrease when real income per capita exceeds about $17,700 in 2005 international dollars (based on column 1).
21 Also, it is interesting to note that the coefficients of unemployment are of positive sign but insignificant, after controlling for measures of consolidation (columns 4-12) -for example, if we drop the fiscal consolidation variable from the regression in column (4), then the coefficient of unemployment becomes significant at 1 percent (the coefficient estimate is 0.003 and its implied magnitude of impact on inequality turns out to be similar to those reported in Section D below).
C. Dynamic Effects of Fiscal Consolidation on Income Inequality
Since fiscal consolidations may have lingering effects on inequality over time, we further investigate the dynamic impact of fiscal consolidation on inequality by adopting a dynamic panel regression specification, again for the 17 OECD countries over 1978-2009. To this end, a univariate autoregressive model is extended to include the current and lagged impacts of the fiscal shock and to derive the relative impulse response functions (IRFs) in an unbalanced annual panel:
where i is a country; t is a year; g it denotes the Gini coefficient for disposable income; v i are country-specific fixed effects;  t are time-fixed effects (to control for global factors); and F it is a measure of fiscal consolidation (as percent of GDP) from Devries, et al. (2011) . The number of lags has been restricted to two; the presence of additional lags was rejected by the data. 23 Impulse response functions (IRFs) are obtained by simulating a shock on the fiscal consolidation. The shape of these response functions depends on the value of the and coefficients. For instance, the simultaneous response will be 0 , while the one-year ahead response will be 1 + 0 0 , and so on.
Overall, the Gini coefficient for disposable income tends to start rising about one year after the consolidation. A consolidation of 1 percentage point of GDP raises the Gini coefficient 21 An international dollar is based on purchasing power parity exchange rates and has the same purchasing power as the U.S. dollar. Consumer price index inflation was also tried, but the resulting coefficients were not significant.
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The methodology closely follows Cerra and Saxena (2008) and IMF (2010b) . The least squares approach to estimate dynamic panel regression in the presence of country fixed effects causes a dynamic panel bias due to the inevitable correlation between country fixed-effects and the lagged dependent variable when the time dimension of the panel (T) is small. Nickell (1981) derives a formula for the bias, showing that the bias approaches zero as T approaches infinity. The order of bias is O(1/T), which is small in our data with T=32 and N=17 (Judson and Owen 1999) . As a robustness check, a system generalized method of moments (SGMM) is tried and the results are very similar as shown in Appendix Table 1. by 0.13 points in the second year, and by 0.4 cumulatively over five years ( Figure 4) . 24 On average, the 0.13 and 0.4 increases in the Gini are equivalent to increases in inequality of 0.4 percent and 1.3 percent, respectively (the OECD average of the Gini coefficient for disposable income in the sample period is 30.02). The order of magnitude of the impact (a 0.4 percent rise in the first two years) is comparable to the 0.6-0.7 percent increase suggested by the baseline regression (Table 2) . Also, an alternative measure of fiscal consolidation from Alesina and Ardagna (2010) is used. 25 The result is qualitatively similar, suggesting that a consolidation raises the Gini coefficient by 0.12 points in the second year, and by 0.66 cumulatively over five years.
To gauge the impact of consolidation on inequality through the channel of unemployment, the same model described above is used to derive the dynamic impact of consolidation on unemployment (Figure 4) . Consolidation seems to start affecting unemployment immediately, with a consolidation of 1 percent of GDP leading to a 0.19 percentage point increase in the unemployment rate in the first year, 26 and 1.5 percentage points cumulatively over five years. The impact subsequently gets smaller, disappearing by the tenth year and then turning negative. Coefficients of the measure of fiscal consolidation and its two lagged terms are jointly significant at the conventional level. However, if an alternative measure of fiscal consolidation from Alesina and Ardagna (2010) is used for the same exercise on unemployment, none of the coefficients of the consolidation and its two lagged terms are individually or jointly significant. According to the lower estimates in Table 3 (columns 1-8), a 1 percentage point increase in unemployment rate is associated with an increase in inequality of about 0.3-0.4 percent, which implies that about 15-20 percent of the increase in inequality due to consolidation may be occurring via the increase in unemployment.
D. Fiscal Policy and Income Inequality
So far we have examined the inequality impact of fiscal consolidation. Now, we turn to a set of fiscal variables (tax structure, specific taxes and expenditures) and assess their effects on disposable income inequality in a sample of 48 advanced and emerging market economies during 1980-2010 by using the regression specification of eq. (1). The regression results 24 Results are closely similar when Gini coefficient or its log is used as the dependent variable in the dynamic panel regression. The Gini coefficient is employed here to facilitate interpretation of the chart. 25 The measure is a dummy variable taking a value of 1 in the year of a large consolidation and 0 otherwise, where a large fiscal consolidation is defined by Alesina and Ardagna (2010) to be larger than 1.5 percent of GDP. Thus, the result using this dummy variable is not directly comparable to that based on the consolidation measure (in percent of GDP) from Devries et al. (2011). suggest that higher social spending and (to a lesser degree in terms of statistical significance) greater progressivity in taxation tend to be associated with lower inequality (Table 3 ). In particular, the coefficients of the ratio of direct to indirect taxes as a measure of progressivity of taxation are negatively associated with disposable income inequality in columns (1)-(4). According to the estimates in column (1), an increase in the ratio by 1 is associated with about 1.5 percent reduction in inequality as captured by the Gini coefficient for disposable income. In columns 2-4, however, the coefficients lose statistical significance, as they turn out to be sensitive to other conditional variables. According to the estimates in column (1), an increase in the ratio by 1 is associated with about 1.5 percent reduction in inequality as captured by the Gini coefficient for disposable income.
Major categories of taxes (personal income taxes, corporate income taxes, indirect taxes) are also considered in the regressions. The coefficients of indirect tax are significant and of the expected (+) sign, which indicates an association with higher income inequality, in the sample of 48 advanced and emerging market economies (columns 5-8). A 1 percentage point of potential GDP increase in indirect taxes is associated with a 0.4-0.9 percent rise in inequality. However, the coefficients of indirect taxes become insignificant in the OECD country sample (columns 9-10), although the implied impact magnitude is comparable to that in the sample of 48 economies. The coefficients of corporate taxes are of the expected sign (-), which indicates progressivity of the tax, except for columns (9) and (10). However, none of them are significant at the conventional levels.
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On the expenditure side, social benefits (including health care, social security pensions, and unemployment compensation) are statistically significantly associated with lower inequality (except for columns 1 and 5 in which the coefficients are insignificant, albeit negatively signed). This positive contribution of government social benefits spending to income distribution may occur through two channels. The first is that part of social expenditure consists of direct transfers to the poor, increasing their income and redistributing income from rich to poor. The second is that social expenditure may promote access for the poor to education and other human-capital-enhancing activities, such health care, thereby contributing to future income equality. Based on the significant coefficients (columns 2-4 and 6-8), the implied magnitude of the impact suggests that increasing social benefits spending by 1 percentage point of potential GDP is associated with a 0.2-0.7 percent reduction in inequality. The order of magnitude of the impact is quite similar to that found in De Gregorio and Lee (2002).
The government wage bill, subsidies, and capital spending also tend to be negatively associated with inequality, although the regression results turn out to be fragile. The negative coefficients of the wage bill suggest that increases in government employee pay are associated with lower inequality, which seems to imply that government employees occupy a below-average position in the income distribution of the population. Interestingly, the opposite sign is obtained for the coefficient of wage bills in low income countries (higher government wages widen inequality), which suggests that government employees may be better compensated than the average employee in those countries (not reported).
Subsidies -including transfers to public corporations to compensate for operating losses on public transportation, electricity, and other services -tend to be associated with lower inequality.
28 While the statistical significance of subsidies is sensitive to estimation methods, the seemingly unrelated regression estimates suggest that an increase in subsidies of 1 percentage point of potential GDP is associated with a 0.5-1.1 percent reduction in inequality. Of course, a policy to reduce inequality that targets these subsidies to low-income consumers could be even more effective and less costly.
Unemployment is found to be a significant determinant of income inequality. A 1 percentage point increase in the unemployment rate is associated with a 0.3-0.4 percent increase in inequality (and 0.7-0.8 percent for advanced economies). In addition, it is noteworthy that the coefficients of basic explanatory variables (including income per capita, average years of schooling, and trade openness) are of the expected sign and mostly significant at 1-10 percent levels. 29 In particular, it is interesting to find that the impact of education on inequality tends to be a bit greater in the broad sample than in the advanced economy group: an increase in the number of years of schooling of 1 percent is associated with a 0.13-0.19 percent reduction in inequality. Also, the coefficients of a measure of skill-biased technological progress are all of the expected sign (+) and significant except for columns 6 and 8. If we use the significant coefficients to get a sense of the order of magnitude, the results suggest that a 1 percentage point in the IT share of total capital is associated with a 1.5-1.6 percent increase in inequality for the sample of advanced economies (columns 9-10). To put this in perspective, let us take the cases of Korea and the United States. In 2007, the IT capital share was 3.5 in Korea and 8.2 percent in the United States, and in 2008 the respective Gini coefficients for disposable income were 31.4 and 36. Other things being equal, the difference in the IT capital share can account for more than 48 percent of the gap of 4.6 Gini points between the two countries. On the other hand, inflation turns out to be significant mainly in the advanced economy sample, while mostly insignificant in the sample of 48 advanced and emerging economies.
Finally, the results are broadly similar if we use either alternative data sets (from World Income Inequality Data (WIID), Luxembourg Income Study (LIS) and the World Bank's PovcalNet) or alternative measures of inequality (including ratios of top to bottom quintiles/deciles) (Appendix Table 2 ).
IV. CASE STUDY OF FISCAL CONSOLIDATION EPISODES
We examine twelve selected large fiscal consolidation episodes (six spending-based and six tax-based) and highlight their salient features. To do this, we first classified all the consolidation episodes from Devries et al. (2011) into three categories according to the magnitude of inequality changes after the consolidation (bottom 1/3 percentile, middle 1/3 percentile, and top 1/3 percentile), and then picked two largest spending-based and two largest tax-based episodes (as measured by the size of consolidation) from each category. The six spending-based consolidation episodes are Austria, 1996-97; Germany, 1992-99; Iceland, 1993-99; Norway, 1993-97; Spain, 1992-98; and Sweden, 1994-2001 . The six tax based consolidation episodes are Australia, 1994-96; Belgium, 1996-98; France, 1994-97; Iceland, 2004-06; the Netherlands, 2004-05; and the United Kingdom, 1994-98. 30 Overall, the impact on income distribution seems to vary with the composition of the consolidation package, a country's position in the business cycle, and labor market conditions. Nonetheless, some patterns emerge from these episodes. We find that spendingbased consolidations tend to be associated with increases in income inequality ( Figure 5 ). Looking at the simple average, inequality increased about 2 percent after the spending-based consolidations, while it rose about 1 percent in the case of the tax-based episodes. This seems to be largely because lower income earners are typically more affected by spending cuts as a larger portion of their disposable income comes from public spending and they are more vulnerable to losing their jobs. In contrast, tax-based consolidations tend to have mixed net effects on inequality: direct taxes tend to be progressive, whereas indirect taxes are regressive. Looking at historical episodes, spending-based consolidations (as in Iceland, 1993 -99, and Sweden, 1994 , or tax-based consolidations with a significant portion of expenditure measures (as in the United Kingdom, 1994-98) tend to be larger in size and 30 Many of these episodes took place as European Union member states attempted to meet the Maastricht criteria (i.e., the convergence criteria) for adoption of the euro as their currency.
longer in duration, which could be another reason for the more pronounced effects on inequality, than tax-based consolidations.
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That said, the net effect of a fiscal consolidation on inequality depends crucially on the specific composition of austerity measures. Cuts in social benefits tend to worsen inequality more than other spending reductions, for example, public wage cuts. Fiscal consolidations in Spain, 1992-98, and Norway, 1993-97 , consisted of across-the-board spending cuts, while protecting social benefits. Tax-based consolidations that rely more on indirect taxes or are mixed with expenditure cuts tend to worsen inequality (e.g., Iceland, 2004-06) . Also, addressing tax evasion and tax loopholes was an alternative way to generate public savings without necessarily elevating the income inequality (e.g., Germany 1992-99).
Unemployment could be an important factor behind the increases in inequality, but it is difficult to disentangle the effect of unemployment from that of other factors without using econometric analysis. Looking at the simple average unemployment rate (i.e., without controlling for any other factors), unemployment increased by 0.26 percentage points in the first year of the consolidation, which is comparable to the 0.19 percentage points that we find from the econometric analysis (Sub-section C of Section II). 32 In terms of the timing of consolidation, consolidations undertaken during recessions could have a greater impact on inequality. In particular, social benefit cuts and tax increases amid rising unemployment (as, for example, in Spain, 1992 -98, and Sweden, 1994 seem to have led to higher inequality than those undertaken during non-recession periods (such as those in Austria, 1996-97, and Belgium, 1996-98) . This suggests the importance of unemployment benefits and more generally, social protection in assisting the most vulnerable. In a similar vein, to the extent that active labor market measures (such as job search assistance, training, and incentives to hire workers) help alleviate (long-term) unemployment, they may help mitigate the deterioration in income distribution.
The recent consolidation experience in Ireland shares many of these features, although it is difficult to disentangle the distributional impact of consolidation itself from that of the financial crisis and ensuing recession. Inequality initially fell as upper income groups suffered major income losses while taxes increased and redistributive social transfers expanded. However, the impact of the deepening crisis and recession quickly spilled over to 31 On average, the duration and size of the six spending-based consolidations were about 6 years and 5 percent of GDP (as measured by change in structural balance), compared to about 3 years and 4 percent of GDP in the case of the six tax-based consolidations. 32 Yet there is some difference between spending-and tax-based consolidations. In the spending-based cases, the unemployment rate was, on average, higher by 0.67 percentage points in the first year of the consolidation, compared to that a year before. By contrast, the average unemployment rate was lower by 0.15percentage points in the first year of the tax-based consolidations.
broader income groups via rising unemployment. Against this backdrop, the government had to embark on a large fiscal consolidation in 2010 due to adverse market reactions to the soaring sovereign debt. The consolidation package was sizable and mainly expenditurebased. Public sector wage cuts mainly affected the middle upper class which might have mitigated the rising inequality, whereas social benefit cuts (family allowances, old-age benefits) heavily weighed on the lower income group, contributing to higher inequality (see 2010 Survey on Income and Living Conditions for Ireland). Despite some offsetting tax measures that were progressive in nature, the largely spending-based consolidation in 2010 amid deepening crisis and recession appears to start worsening inequality.
V. CONCLUDING REMARKS
This paper examined the effects of fiscal consolidation and a set of fiscal variables (tax structure, specific taxes, and expenditures) on inequality in disposable income by using an econometric analysis for a panel of advanced and emerging economies for the last three decades as well as a case study of selected consolidation episodes. The results suggest that fiscal consolidations tend to increase income inequality. On average, a consolidation of 1 percentage point of GDP is associated with an increase in the disposable income Gini coefficient of around 0.4-0.7 percent over the first two years. Spending-based consolidations tend to significantly worsen inequality, relative to tax-based consolidations. So do large-sized consolidations. The paper also found that unemployment is an important channel through which consolidation increases inequality.
The composition of austerity measures also matters, and better-designed tax and social benefits policies can help mitigate the adverse effects on income inequality of fiscal adjustments. Indeed, progressive taxation and social benefits are consistently associated with lower inequality for disposable income. These results are consistent with the view that in advanced economies, reforms since the 1980s have been a factor behind rising income inequality by lessening the generosity of social benefits and the progressivity of income tax systems.
More generally, fiscal policy can favorably influence long-term trends in both inequality and growth by promoting education and training among low-and middle-income workers. Education and skill-biased technological progress are associated with lower and greater inequality, respectively. In addition, trade openness tends to be associated with lower inequality. Evidence of the Kuznets inverted U-shaped relationship between income per capita and inequality is also found in the data.
Going forward, large fiscal adjustments are expected to be required in many countries for a long time in order to reduce debt-to-GDP ratios to sustainable levels. For reasons of equity and also of political economy, fiscal adjustments that are viewed as being unfair are unlikely to be sustainable. It is therefore critical that the costs associated with fiscal consolidations and weaker growth be shared equitably throughout the economy. 
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Figure 4. Dynamic Effects of Fiscal Consolidation on Income Inequality and Unemployment
Dynamic Effects of Fiscal Consolidation on Inequality Dynamic Effects of Fiscal Consolidation on Unemployment
Sources: Authors' estimates. Panel regression system estimated using a seemingly unrelated regression (SUR) consisting of two equations: one in which disposable-incomebased Gini is the dependent variable, and another in which market-income-based Gini is the dependent variable. Regression results on the latter equation are not reported to save space.
2 FE refers to the fixed-effects panel regression with the Driscoll-Kraay robust t-statistics (robust to very general forms of cross-sectional and temporal dependence). The error structure is assumed to be heteroskedastic, autocorrelated up to two lags, and possibly correlated between the panels (countries).
(1) Panel regression system estimated using a seemingly unrelated regression (SUR) consisting of two equations: one in which disposable-income-based Gini is the dependent variable, and another in which market-income-based Gini is the dependent variable. Regression results on the latter equation are not reported to save space. 2 FE refers to the fixed-effects panel regression with the Driscoll-Kraay robust t-statistics (robust to very general forms of cross-sectional and temporal dependence). The error structure is assumed to be heteroskedastic, autocorrelated up to two lags, and possibly correlated between the panels (countries).
Cyclically adjusted indirect tax (% of potential GDP), t -1 Note: Dependent variables are log of disposable-income Gini coefficient or ratio of top to bottom quintile income shares, taken from World Income Inequality, Luxembourg Income Study (LIS), PovcalNet Database and national sources. Heteroskedasticity and autocorrelation-consistent t-statistics are shown in parentheses. Levels of significance: *** 1%, ** 5%, * 10%. Country fixed effects, time fixed effects and constant term are included in each regression but are not reported.
1 FE refers to the fixed-effects panel regression with the Driscoll-Kraay robust t-statistics(robust to very general forms of cross-sectional and temporal dependence). The error structure is assumed to be heteroskedastic, autocorrelated up to two lags, and possibly correlated between the panels (countries).
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